Food and Drug Administration-approved treatment for metastatic melanoma, including interferon alpha and interleukin-2, offer a modest benefit. Immunotherapy, although has not enjoyed high overall response rates, is capable of providing durable responses in a subset of patients. In recent years, new molecular-targeted therapies have become available and offer promise of clinical benefit, although low durability of response. It is not yet clear how best to integrate these 2 novel modalities that target the immune response to melanoma (immune therapy) or that target molecular signaling pathways in the melanoma cells (targeted therapy). Many signal transduction pathways are important in both tumor cell and T-cell proliferation and survival, which generate risk in combining targeted therapy and immunotherapy. This review focuses on the role of targeted therapy and immunotherapy in melanoma, and discusses how to combine the 2 modalities rationally for increased duration and response.
M etastatic melanoma typically has a poor prognosis, with a median survival of 7.5 months after diagnosis of distant metastatic disease, and it has a poor response to traditional chemotherapy. 1 There are 2 Food and Drug Administration (FDA)-approved immunotherapy options for advanced melanoma: interferon (IFN)-␣2␤ and interleukin (IL)-2. IFN-␣2␤ is approved for use in the adjuvant setting for resected stage IIB to III disease and reduces recurrence rates by approximately 10%. 2 It may also affect clinical regression in 10% to 20% of patients and has been associated with clinical regressions in approximately half of the patients when treating in a neoadjuvant setting. 2, 3 For treatment of advanced melanoma, high-dose IL-2 has a response rate of 10% to 20%, and has the ability to provide durable responses in 5% to 7% of patients. 4 In recent years, new molecular-targeted therapies have become available and offer promise of clinical benefit. Tumor survival mechanisms, angiogenesis, growth, and proliferation are popular targets of directed therapies. Early experience with a specific inhibitor of mutant B-Raf was associated with clinical responses in more than half of the patients, albeit transiently. Key roles for targeted therapies include induction of tumor apoptosis, suppression of lymphocyte apoptosis, and reversal of tumor microenvironment immunosuppression. It is not yet clear how best to integrate these 2 novel modalities that target the immune response to melanoma (immune therapy) or that target molecular signaling pathways in the melanoma cells (targeted therapy). This review will focus on the role of targeted therapy and immunotherapy in melanoma, and how to combine the 2 modalities rationally for increased duration and response. Particular attention will be paid to immune effects of small-molecule-targeted therapy and how these may be incorporated into successful therapy. Combining immunotherapy, with its durable response, and targeted therapies, with their potential high response rates, may produce a highly successful and durable approach to treating cancers such as melanoma. Often-cited issues impeding success in immunotherapy include T-cell death, immune evasion by tumor cells, and immunosuppression driven by the tumor microenvironment. 5 Some of these are potentially addressed with the addition of targeted therapies. The use of targeted agents for tumor immunosensitization, in combination with immunotherapy for tumor recognition and killing, is a promising strategy already used in a number of cancer types, both in vitro and in clinical studies. Many of these pathways are important in T-cell proliferation and survival, which creates a risk in combining targeted therapies with immunotherapies. The ideal agent will specifically target a key oncogenic signaling protein and affect tumor cells without affecting normal tissue. These targeted therapies should avoid or minimize toxicity to immune cells, and allow T cells and natural killer cells to interact with tumor for optimal tumor surveillance and killing.
Immunotherapy includes stimulation of the immune system using vaccines, cytokines, antibodies, or T cells. The desired effect is stimulation of an antitumor response, decreasing tumor suppressor mechanisms, or alteration of the tumor itself to make it susceptible to the immune system. Immunotherapy, particularly active immunotherapy with vaccines, has the capability of creating endogenous responses with low toxicity and the potential for durable memory. Immunotherapy, although has not enjoyed high overall response rates, is capable of providing durable responses in a subset of patients. 6 Potentially higher response rates have been reported with adoptive T-cell transfer therapy and systemic lymphodepletion, which has produced an objective response in 49% to 72%, albeit of carefully selected patients. 7 Overall antitumor response rates for vaccine therapies are 2.6% to 3.3%, whereas overall immune response rates range from 50% to 100%. 8 -10 Other immunotherapies discussed in this review, anti-cytotoxic T-lymphocyte-associated protein-4 (CTLA-4) antibody therapy and IL-2, have response rates of 13% and 10% to 20%, respectively. 4, 11 Targeted therapy aims to inhibit tumor growth and metastasis by blocking commonly overexpressed signal transduction molecules. These molecules comprise signaling pathways that cause proliferation and migration of all cells, but are often overexpressed in cancer cells. One of the most important of these pathways is RAF/RAS/MEK, involved in cell proliferation and resistance to apoptosis. 12 Other key signaling pathways overexpressed in melanoma include phosphatase and tensin, phosphoinositide 3 kinase (PI3K)/Akt/mammalian target of rapamycin (mTOR), and signal transducer and activator of transcription 3 (STAT3). Therapies targeting each of these pathways have been developed with varying degrees of success. An example is PLX-4032, with a 71% response rate in properly selected patients. 13 However, an issue for PLX-4032 and other targeted therapies is a low duration of response and a high relapse rate.
IMMUNOLOGIC THERAPIES

Anti-CTLA-4 Antibody
Many tumors secrete cytokines and other factors that suppress T cells, allowing immune escape of tumors. CTLA-4 is a molecule that limits proliferation of T cells and is active in most melanomas. Strategies to increase T-cell activation through blockade of this molecule with a monoclonal antibody have shown anticancer immune response in preclinical studies and in patients. 14 Often, the responses to this therapy are durable, even lasting years. 15 Treatment with anti-CTLA-4 antibody ipilimumab had an overall response rate of 5.8%, and tremelimumab had an overall response rate of 6.6% to 10% in recent phase II trials. 16 -18 Therapy blocking CTLA-4 increases tumor immunity in previously vaccinated patients, 19 which created interest in combining CTLA-4 blockade with vaccine therapy. Combining a dendritic cell (DC) vaccine with anti-CTLA-4 antibody produced a 25% objective response rate, which was better than the success of either agent alone. 20 A study combining anti-CTLA-4 antibody and multipeptide vaccine demonstrated tumor infiltrating lymphocytes (TIL) on some biopsies and development of antigen-specific immune response in a subset of patients. 21 Interestingly, anti-CTLA-4 treatment increases T-cell immune responses to NYESO1 protein, 22 and this correlates with presence of durable clinical response. 23 It follows that use of anti-CTLA-4 therapy in combination with vaccination using NYESO1 peptides might augment specific immune responses and increase the number of durable responders to this therapy. A study of anti-CTLA-4 plus autologous NYESO1 expressing CD8 cells is underway in melanoma (NCT00871481).
CTLA-4 molecules are frequently expressed on regulatory T cells (Tregs), 24 and an anticipated effect of anti-CTLA-4 antibody therapy was to decrease Treg-driven immunosuppression. However, current data suggest that this is not a significant effect of CTLA-4 antibody therapy. Evaluation of tumor post-CTLA-4 antibody treatment reveals an increase in CD8 ϩ CTL infiltrate, but no definite change in Treg populations near tumor. 20
Toll-Like Receptor Agonists
Toll-like receptor (TLR) agonists are commonly used cancer vaccine adjuvants to augment local immune responses. 25 They activate and direct DCs to the tumor microenvironment, stimulate production of T H 1 cytokines such as IL-12 and IFN-␥, and also augment tumor-specific cytotoxic lymphocyte responses. 26, 27 This has led to decreased tumor progression and prolonged survival in preclinical studies. 26 TLR7 agonist imiquimod is the only FDAapproved TLR agonist, used topically for treatment of actinic keratoses, basal cell carcinomas, and warts. Imiquimod has also shown promise in topical treatment of melanoma of the skin. 28 TLR9 agonists have demonstrated antimelanoma activity in preclinical studies and are being evaluated in clinical trials. 29 The local immunostimulatory effect of TLR therapy is being investigated in combination with other immunotherapies. Topical TLR7 agonist imiquimod in combination with intralesional IL-2 increased CD25ϩ cells in the CD4 ϩ population in tumors and shifted cytokine secretion to a T H 1 bias, accompanied by decreased in transit metastasis of melanoma. 30 TLR agonists are also being used in combination with several types of vaccine in clinical trials (NCT00118313, NCT00304057, NCT00142454, NCT00960752, NCT00112229, and NCT00304057).
Recent studies have shown that some TLR agonists, such as TLR9 agonist CpG, upregulate STAT3 and thus decrease immunostimulatory effects. 31 Other studies have discovered that TLR agonists increase Tregs and IL-10 secretion, signaled through the p38MAPK pathway. However, TLR8 activation has been linked to reduction of Tregs. 32 In vitro, blockade of the p38MAPK pathway decreased Treg induction and IL-10 production by DCs. 33 The combination of MAPK inhibitors and TLR agonists may be able to decrease the local immunosuppression in the tumor microenvironment.
SIGNAL TRANSDUCTION THERAPEUTICS WITH IMMUNE EFFECTS
Other tumor functions that can be exploited with targeted therapy include apoptosis, angiogenesis, growth, and proliferation. Although many types of immunotherapy produce a systemic response, measurable in blood and serum, local immunosuppressive factors stimulated by the tumor itself can result in local failure to mount an immune response. Key components of this local immunosuppression include tolerogenic DCs, CD4ϩCD25(hi)FoxP3ϩ Tregs, and myeloid-derived suppressor cells (MDSCs).
Sunitinib
Several targeted therapies have effects on the tumor microenvironment and Tregs. Sunitinib is a multikinase inhibitor with targets including platelet-derived growth factor, c-Kit, RET, vascular endothelial growth factor receptor (VEGFR) 2, and Flt3. It is currently approved for use in renal cell cancer (RCC) and imatinibresistant gastrointestinal stromal tumors. In RCC, sunitinib has had success as a single agent, with some studies reporting a diseasecontrol rate of 50%. 34 Along with its blockade of multiple tyrosine kinases, sunitinib has relevant immune effects. In RCC patients, sunitinib reverses type I immune suppression. 35 The T H 2 bias common in RCC patients was reversible with sunitinib therapy, with a majority of patients experiencing an increase in IFN-␥-producing cells and decrease in IL-4-producing T cells. 35 However, this was not correlative with progression-free survival. Increased numbers of Tregs near the tumor have been associated with poor prognosis. 36 -38 Patients with RCC have increased levels of CD3ϩCD4ϩCD25(hi)FoxP3ϩ Tregs in the tumor itself and decreased Tregs in the peripheral blood. 35 Sunitinib treatment decreases the percentage of CD4ϩCD25(hi)FoxP3ϩ Treg cells in peripheral blood and may also reduce the function of the remaining Tregs. 35 Sunitinib-treated mice have improved infiltration of tumor by CD8 ϩ T cells. 39 MDSCs, which infiltrate the tumor and interfere with antitumor responses by T cells, are another method for tumors to evade the innate immune system. 40 It is hypothesized that sunitinib may modulate antitumor immunity by reversing MDSC-mediated tumor immunosuppression. 41 VEGFR signaling has been implicated in MDSC generation, 42 and anti-VEGFR2 activity of sunitinib may be the reason that MDSC populations decrease in RCC patients treated with sunitinib. 41 The depletion of MDSC after sunitinib was correlated with improved T-cell function. C-Kit has also been implicated in MDSC and Treg accumulation, 39 and ability of sunitinib to block c-Kit activation may contribute to its effects on both cell populations.
The ability of sunitinib to affect T-cell function and to counteract tumor-induced immunosuppression provides evidence that targeted tyrosine kinase inhibitors (TKIs) have dual signaling and immune effects. Thus, sunitinib and other TKIs may enhance efficacy of immunotherapies. Sunitinib is being used alone and in 
Signal Transducer and Activator of Transcription 3
STAT3 is a key mediator of melanoma-induced immunosuppression and is overexpressed in most melanomas. 36, 43 STAT3 activation inhibits DC maturation and impairs T-cell response to tumor. 44, 45 Ablating STAT3 increases DC maturation, T-cell activation, generation of tumor antigen-specific T cells, and long-lasting antitumor immunity. 31 STAT3 is a key component for generation of Treg populations, and STAT3 ablation reduces the number of tumor-infiltrating Tregs. 31 STAT3 inhibitor WP1066 has been used in vitro to inhibit Treg induction in melanoma. 43 IFN effects are mediated through the Janus kinase/STAT pathway, and IFN treatment is associated with decreased phosphorylated STAT3 and increased phosphorylated STAT1 in atypical nevi of patients undergoing IFN. 46 However, STAT3 phosphorylation is increased in 17% of melanoma patients treated with IFN, and its expression correlates negatively with survival. 47 Although this only assumes an association between STAT3 activation and IFN, it suggests that combining IFN therapy with STAT3 inhibition may be beneficial in a subset of patients.
Some TLRs, such as TLR9, upregulate STAT3 signaling on stimulation with an agonist. TLRs have beneficial roles as vaccine adjuvants to augment local immune response. 25 Their immunostimulatory properties activate and direct DC to the tumor microenvironment and stimulate production of immunostimulatory cytokines. 26 To combat the increase in Treg infiltration seen after TLR agonist therapy, blockade of STAT3 in combination with TLR agonists may improve local immunostimulation. In mice, combining STAT3 inhibition with activation of TLR4 increased TIL and decreased tumor burden when compared with either treatment alone. 36 Thus, priming the tumor microenvironment by blocking STAT3 might augment immunotherapy. There are 2 clinical trials evaluating blockade of STAT3 in solid tumors (NCT00696176 and NCT00955812), but none evaluating it in combination with immunotherapy.
TRADITIONAL SIGNAL TRANSDUCTION PATHWAYS
MAPK Pathways: RAS/RAF/MEK and p38MAPK
Overactivation in the mitogen-activated protein kinase (MAPK) pathway is common in many tumor types including melanoma. 48 Neuroblastoma ras viral oncogene homolog and v-raf murine sarcoma viral oncogene homolog B1 mutations occur in 20% and 60% of melanomas, respectively, 49 and melanomas have been accurately subtyped using mutation status at these 2 genes. 50, 51 Sorafenib is a multikinase inhibitor that targets B-Raf, C-raf, VEGF, and platelet-derived growth factor. No trials have demonstrated single-agent effectiveness in melanoma, and sorafenib has had promising antitumor effects when combined with chemotherapy that did not persist in randomized trials. [52] [53] [54] The disappointing antitumor effects of sorafenib may be due to its nonselectivity for B-Raf mutants in preclinical studies. 53 Also of concern for sorafenib is its ability to diminish activation of both T cells and DC in vitro and ex vivo. 55, 56 A much more selective B-Raf inhibitor, PLX-4032, has greater single-agent activity with tumor regression rates of 71% in patients containing the B-Raf V600E mutation. 13 Because B-Raf V600E is the most common oncogenic mutation in melanoma, the success of PLX-4032 has garnered a great deal of interest. However, the failure of PLX-4032 to produce complete responses, coupled with the high relapse rate, indicates that combinations with chemotherapy or immunotherapy are appealing options to improve its efficacy. PLX-4032 is being studied as a single agent and in combination with chemotherapy in clinical trials (NCT 01006980, NCT00949702, and NCT00405587).
MAPK pathway overactivation has been linked to immunosuppressive effects, such as induction of IL-10 production in DC. 57 Blockade of MEK signaling is able to suppress IL-10 production and enhance IL-12 production. 58, 59 This T H 1 shift allows DC to activate T cells properly, and this activation persists even in the presence of immunosuppressive melanoma cell lysate. 57, 58 Activation of p38MAPK has also been associated with a T H 2 phenotype and suppression of DC activation. 33, 57 Blockade of p38MAPK suppresses IL-10, increases IL-12 production by DC, and increases IFN-␥ secretion by T cells. 33 p38MAPK overexpression is also linked to increased Foxp3ϩ Treg infiltration in tumors, which is reversible by p38MAPK inhibition. 33 Thus, blockade of MAPK in combination with immunotherapy may allow DC to become resistant to the immunosuppressive functions of tumors in vivo and thus gain more effective antitumor activity. Also, the increase in Tregs seen after TLR agonist therapy can be counteracted by addition of MAPK inhibition. 33 Although there are no clinical trials evaluating MAPK inhibition in combination with vaccine therapy, there is preclinical evidence to suggest that combining these modalities will be beneficial.
Loss of tumor-associated antigens is a common evasion mechanism for melanoma. Activating mutations in the MAPK pathway, most notably B-Raf V600E , reduce antigen levels in melanomas in vitro. Inhibition of the MAPK pathway is able to counteract this decrease in antigen expression of melanoma cells. 60, 61 MEK inhibitor U0126 is able to induce increased antigen expression and cause apoptosis of melanoma cells. The melanoma cells not killed by this inhibitor are those with high antigen expression, and thus, the combination of MAPK inhibitors and immunotherapy may be useful to augment tumor antigen expression while targeting the critical survival MAPK pathway.
PI3K/Akt/mTOR
The PI3K pathway is a critical survival pathway and is activated in many cancer types including melanoma. This pathway is activated in 30% of melanoma cell lines and 5% to 10% of melanoma tissue specimens, typically through a loss of phosphatase and tensin (PTEN). 62, 63 Inhibitors of Akt and PI3K are being investigated in phase I studies, and inhibitors of mTOR have been increasingly used as chemoimmunotherapy in phase II and III trials in melanoma and other cancers. Several mTOR inhibitors are under clinical investigation in cancer treatment, including rapamycin, sirolimus, temsirolimus/CCI-779, and everolimus/RAD001. Inhibition of the PI3K/Akt/mTOR pathway has a considerable effect on immune regulation. Both DC and Tregs are sensitive to Akt-mTOR signaling. Preclinical studies have demonstrated that Akt-mTOR signaling is essential for DC survival and maturation. 64 In a mouse model, presence of Akt allowed sufficient DC maturation for eradication of lymphoma. Although mTOR is required for DC activation and maturation during acute responses, continued mTOR stimulation enhances IL-10 production and can limit T-cell activity. 24 Conversely, mTOR inhibition causes IL-12 production and inhibits IL-10 production. 65, 66 From these studies, it seems that blocking mTOR selectively while avoiding Akt blockade would be most advantageous to DC function.
Rapamycin has well-known immunosuppressive effects and may selectively deplete or increase Tregs in vitro. 67, 68 Treating T cells with rapamycin during stimulation and expansion in the presence of IL-2 creates a population of lymphocytes with a high percentage of Tregs. 69 A contrasting study found apoptosis of Tregs after treatment with sirolimus. This effect was reversed in the presence of IL-2, perhaps accounting for the contrasting results seen in other studies. 70 In addition, activated Akt impedes development
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The Cancer Journal • Volume 16, Number 4, July/August 2010 of Tregs in vitro. 71 For optimal downregulation of Tregs, Akt inhibition seems appropriate. The use of mTOR inhibitors in suppressing Tregs has been mixed, and further evaluation of mTOR inhibitors is forthcoming. Importantly, this finding emphasizes the fact that combination therapies must be rationally designed to optimize both tumor killing and anticancer immunity. Rapamycin is able to stimulate and enhance survival of memory CD8 ϩ T cells in mice, through upregulation of phenotypes associated with protective immunity (CD127 high , CD62L high , and BclII high ). 72 Thus, mTOR inhibition to increase function of memory T cells may be used to enhance vaccine therapy in melanoma. Treatment with mTOR inhibitors may sensitize cancers to subsequent immunotherapy, and thus may be an important way to combine signal transduction therapy and immunotherapy. 73 It is important to evaluate immune function as part of clinical trials of small molecule inhibitors, both to avoid excessive immune toxicity and to determine the appropriateness of combining immune therapy with small-molecule-targeted therapy. mTOR inhibitors have been investigated in combination with TKIs. 67, 74, 75 The vascular endothelial growth factor (VEGF) antibody bevacizumab in combination with rapamycin analog CCI-779 is being investigated in multiple tumor types including melanoma (NCT00397982). 76
Vascular Endothelial Growth Factor
Angiogenesis is critical for the growth of tumors. Tumor cells upregulate VEGF expression by both tumor cells and stromal cells. Melanoma tumors tend to be vascular, and thus antiangiogenic agents are promising. 77 Bevacizumab is a monoclonal antibody to VEGF, which is FDA approved for use in RCC, lung, and colorectal cancer, and has been effective in clinical trials in melanoma. 78, 79 A number of other agents targeting VEGF receptors, sunitinib, vendetanib, and AG013736 are currently in use in clinical trials. Some of these, such as sunitinib, have immune effects discussed above and signaling effects.
In addition, VEGF is an inhibitor of immune function in the tumor microenvironment. In vitro, a T H 2 bias in melanoma cell lines has been linked to the presence of VEGF. 80 Melanoma cells have upregulated VEGF transcription, and tumor-bearing patients have higher levels of circulating VEGF and an increase in T H 2 cytokines. 80 In addition, overexpression of VEGF correlates with a high number of Tregs in the tumor environment. 81 VEGF impairs DC activation, and anti-VEGF therapy increases peripheral DC in vivo. 82 One way to counteract the inability to generate DC in the setting of cancer is using anti-VEGF and anti-VEGFR-2 therapy in combination with traditional immunotherapies.
Both the ligand VEGF and its common receptor VEGFR-2 have been targets of antimelanoma therapy. Immunotherapy has been used in combination with the ligand VEGF in preclinical studies. Mouse studies combining VEGF blockade (with a recombinant adenoassociated virus vector expressing VEGF) with granulocyte-macrophage colony stimulating factor secreting tumor immunotherapy had prolonged overall survival, with the added benefit of increasing TILs and decreasing Tregs in the tumor microenvironment as compared with untreated mice. 81 Using anti-VEGF antibodies with antibodies to melanoma antigen TYRP-1/gp75 decreased local tumor growth and distant metastasis of murine melanoma tumors more than each therapy alone. 83 Targeting the VEGF receptor has had success in mouse models as well. Use of a DC vaccine modified with VEGFR-2 in mice led to induction of CTL activity against VEGFR-2 positive melanomas. 84 Combining a DNA vaccine with pDNAs encoding angiostatin or endostatin increased tumor-free survival in mice. 85 Another vaccine targeting VEGFR-2 and other antiangiogenic targets were able to suppress angiogenesis in the tumor microenvironment and decrease in tumor growth and angiogenesis. 86 Immuniza-tion with DC transfected with mRNA for VEGFR-2 led to partial inhibition of angiogenesis and decreased tumor growth in mice. 87 There are 2 clinical investigations of VEGF therapy coupled with traditional immunotherapy, both in RCC. One trial is evaluating anti-VEGF antibody bevacizumab in combination with an autologous DC vaccine and IL-2 (NCT00913913). The second is evaluating bevacizumab in combination with IL-2 (NCT00301990).
Apoptosis Pathways
Tumor cells have upregulated pathways to induce antiapoptotic effects of tumor cells within the tumor microenvironment. Targeting these pathways to shift the balance toward a proapoptotic bias may assist in effective tumor killing by immune cells. 88 Antiapoptotic proteins Bcl-2, Bcl-XL, and XIAP are overexpressed in melanoma. 89 TNF-related apoptosis inducing ligand (TRAIL) signaling is often impaired in melanoma.
Bcl-2 is the most commonly targeted apoptotic protein, and several therapies are under preclinical and early clinical evaluation. Curcumin, a molecule that has shown anticancer activity in vitro, induced apoptosis in melanoma cells in vitro via reduction of Bcl-2 phosphorylation. Curcumin can also affect responsiveness of immune effector cells to antitumor cytokines, which may increase tumor microenvironment immunosuppression by melanoma cells. 90 Thus for curcumin to be a useful targeted therapy in a proapoptotic sense, it may need to be combined with IL-12 or IFN-␥ to increase local immune effector cells. Oblimersen sodium and AT-101 are additional Bcl-2-targeted therapies that have shown promise preclinically and are in clinical studies in melanoma (NCT00518895 and NCT00988169).
TRAIL signaling is the predominant mechanism for cancer cell killing via apoptosis, 12 but is impaired in melanomas. Use of resveratrol to upregulate TRAIL expression can result in enhanced melanoma cell apoptosis. 91 Alternatively, IFN-␤ can induce TRAIL expression and lead to apoptosis in vitro. 92 IFN-␣ also induces apoptosis in melanoma. Although the use of proapoptotic therapy both alone and in combination with chemotherapy has shown some success, in vitro studies have demonstrated a potential role for proapoptotic therapy in combination with immune therapies such as vaccine. Mouse studies combining IFN-␣ with tumor cell vaccines led to a synergistic effect on tumor growth and in fact led to an 80% rejection of established tumors. The use of IFN-␣ at the vaccine site allowed priming of the vaccine and optimized a proapoptotic environment that led to efficient immune-initiated tumor killing. 93 Also in mice, a DC vaccine in combination with Bcl-2 inhibitor ABT-737 enhances antitumor activity in colon cancer, but not in melanoma. 94 A single mouse melanoma line, B16, was evaluated, and study of other melanoma cell lines including human xenografts should be evaluated as well. IFN-␥ also has antiapoptotic effects, and when combined with an antibody against antiapoptotic molecule Fas, creates synergistic antiproliferative effects against melanoma cells in vitro and in a mouse model. 95 This combination also had increased tumor apoptosis in a mouse model as compared with tumors treated with either agent alone. 95 Although it is important to activate apoptotic pathways in melanoma cells, it is equally important to avoid apoptosis in T cells that are pivotal in development of immune responses to tumor, both innate and in response to therapy. Transfection of tumor reactive T cells with Bcl-2 provides a survival benefit and improves T-cell resistance to cell death. In mice, this has led to enhanced rates of successful adoptive immunotherapy. 96 The decision whether to block Bcl-2 for antitumor benefit or upregulate Bcl-2 for lymphocyte benefit is a difficult one. Directing Bcl-2 blockade specifically to tumor cells while avoiding its effect on lymphocytes is ideal. 
CONCLUSION
Melanoma is a difficult disease to treat effectively, because it uses multiple mechanisms for survival and signals through many pathways. Targeted therapies have shown clinical promise, but are limited by high relapse rates. Immunotherapy techniques have had much lower clinical response rates, but the success they do have tends to be more durable. Both targeted therapies and immunotherapy continue to be studied extensively individually and in combination with chemotherapy. However, preclinical and clinical evidence exists that combining targeted therapy with immunotherapy will be more successful than either type of therapy alone in halting the growth and metastasis of melanoma ( Fig. 1 ). It has been well established that the immune system plays a significant role in the development and progression of cancers such as melanoma. The ability of immunotherapy such as anti-CTLA-4 antibody to generate long-lasting responses is significant. The ability of targeted therapy such as PLX-4032 to generate a clinical response in a majority of patients is also significant. Combining the 2 therapy types in a rational way may be able to garner the most important characteristics of the 2 types. In addition, targeted therapies with immune effects, such as sunitinib, have immune effects and are being studied in combination with other immunotherapies. Because targeted small molecule inhibitors affect molecules and pathways that are common to both tumor cells and immune cells, knowledge of the immune effects of signal transduction pathways is important to develop rational combinations of targeted therapy and immune therapy. 
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